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SEMAbstract Starches isolated from the rice (Jhelum and Kohsar) and corn (PS-43 and Shalimar-
maize) cultivars were studied for their physico-chemical and morphological properties. Physico-
chemical properties such as composition, water and oil absorption capacity, swelling power, syner-
esis, freeze–thaw stability and light transmittance showed signiﬁcant differences among the starches.
Amylose contents of starches separated from the Jhelum and Kohsar rice cultivars and PS-43 and
Shalimar-maize corn cultivars were 6.33%, 4.90%, 7.52% and 8.09%, respectively. The granular
size varied from 5.2 to 5.9 lm for rice starches and 11.4–12.0 lm for corn starches. Transmittance
value of gelatinized pastes from all starches progressively decreased up to the 2nd day during refrig-
erated storage, except Kohsar rice starch which lost its clarity signiﬁcantly up to 3rd day of storage.
The pasting property revealed peak, breakdown and setback viscosity which were in the range of
2479–3021 cP, 962–1713 cP and 1293–2003 cP respectively.
ª 2014 King Saud University. Production and hosting by Elsevier B.V. All rights reserved.1. Introduction
Cereals belong to the family Poaceae (formerly Gramineae).
They are particularly important to humans because they are
staple food crops in many areas of the world (Pomeranz and
Munck, 1981). Cereal grains provide about 50% of the dailycalories ingested by people throughout the world. The most
extensively cultivated grains are wheat, rice, corn or maize,
barley, oats, rye and millets. Among the cereals grown in
Kashmir province of India, rice and maize are the most impor-
tant. They are main source of carbohydrate to the Kashmiri
people. India is the second largest producer of rice in the world
with a production of 143.96 million metric tonnes–MMT
(FAO, 2010). India also has the privilege of being the 7th larg-
est producer of maize in the world, with a production of
14.06 MMT (FAO, 2010).
Starch is the major dietary source of carbohydrates and is
the most abundant storage polysaccharide in plants. Amylose
and amylopectin are two macromolecular components of
starch granules (Be Miller, 2007). Isolated starch is used in
the food industry to impart functional properties, modify food
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starch important for the texture of a given product, but also
the type of starch is critical (Biliaderis, 1991).
Starch from rice is non-allergenic, because of the hypo-
allergenicity of the associated protein. Rice starch granule
being very small in size provides a texture perception similar
to that of fat (Champagne, 1996). Corn starch occupies an
important place in the preparation of pies, puddings, salad
dressings and confections. It is incorporated into cakes, cook-
ies, icings and ﬁllings to increase moisture retention, retard
crystal growth of other sugars and to improve tenderness
and keeping quality. Recent uses of starch include their use
as delivery vehicles that protect pharmaceutically active pro-
teins from digestion (Guan et al., 2000), such as microencap-
sules for small molecules (Korus et al., 2003) and
biodegradable ﬁlms (Rindlav-Westling et al., 2002).
The present study was undertaken to investigate and com-
pare the physico-chemical properties of newly released indige-
nous cultivars of rice (Jhelum, Kohsar) and corn (PS-43,
Shalimar maize) to predict their promising applications in food
and allied industries.2. Materials and methods
2.1. Materials
The rice (paddy) and the corn (maize) varieties were procured
from the Shere Kashmir University of Agricultural Sciences
and Technology, Shalimar, Srinagar, India. Rice cultivars
viz. Jhelum and Kohsar were dehusked by laboratory dehus-
ker (Ambala Associates, Ambala, India) and then polished
using laboratory polisher (Ambala Associates, Ambala,
India) and stored at room temperature (20 C). The corn
grains were separated manually from cobs and stored until




Starch was isolated from the samples by the method of Wani
et al. (2010). One kilogram of the sample was soaked in 4 L
of distilled water and kept at 4 C for 12 h. Coats of the seeds
were removed by manual abrasion. The cotyledons were pul-
verized along with water for 5 min in a mixer blender. The
slurry obtained was then diluted to ten times (volume/volume)
with distilled water and the pH was adjusted to 10 using 0.5 M
NaOH. The slurry was continuously mixed on magnetic stirrer
for one hour, and then ﬁltered through a 75 lm mesh sieve to
separate the ﬁber. The ﬁltered slurry was then centrifuged at
3000g for 30 min at 10 C (C-24, Remi Industries Mumbai,
India). The aqueous phase obtained on centrifugation was col-
lected for the recovery of proteins, whereas the sediment
obtained was scraped off from the surface and the lower white
portion was washed three times with distilled water and
allowed to sediment at refrigerated temperature (4 C). This
sediment was recovered as starch. The starch was dried at
40 C in a hot air oven (NSW-143, Narang Scientiﬁc Works
Pvt. Ltd., New Delhi, India).2.2.2. Composition
Protein (920.87), fat (920.85), crude ﬁber (978.10), ash
(923.03), and moisture (925.10) contents were determined
according to standard methods of AOAC (1990).
2.2.3. Amylose content
Apparent amylose content of the starch samples was deter-
mined by the method of Williams et al. (1970).
2.2.4. Color
The color of the starch was determined using a color ﬂex spec-
trocolorimeter (Hunter Lab Colorimeter D-25, Hunter Associ-
ates Laboratory, Ruston, USA) after being standardized using
Hunter Lab Color standards and their Hunter ‘L’ (lightness),
‘a’ (redness to greenness) and ‘b’ (yellowness to blueness)
values were measured.
2.2.5. Water absorption capacity (WAC) and oil absorption
capacity (OAC)
Starch (2.5 g dry weight basis db) was mixed with 20 mL
distilled water/oil (Dalda-Andheri (E), Mumbai) in a pre-
weighted centrifuge tube and then stirred for 2 min on vortex
mixer and allowed it to stand for 30 min at 25 C, centrifuged
at 3000g for 10 min at 25 C (Eppendorf 5810 R, Germany)
and the supernatant was decanted. Gain in weight was
expressed as water/oil absorption capacity (Soﬁ et al., 2013).
2.2.6. Swelling & solubility index
Swelling power and solubility of the starches were determined
using 2% db (w/v) aqueous suspension of starch at 90 C
according to the method of Nwokocha and Williams (2009).
2.2.7. Bulk density
Bulk density was determined using mass/volume relation
according to the method of Wani et al. (2013a,b).
2.2.8. Light transmittance or gel clarity
This was determined by the method of Wani et al. (2010) using
an UV-spectrophotometer (U-2900, Hitachi, Tokyo, Japan).
2.2.9. Syneresis
Starch suspensions (2%, w/w db) were heated at 90 C for
30 min in a water bath (SWB-10L-1-Taiwan) with constant
stirring. The starch samples in separate tubes were stored for
1, 2, 3, 4 and 5 days at 4 C. Syneresis was measured as per-
centage amount of water released after centrifugation at
3000g for 10 min (Eppendorf 5810 R, Germany).
2.2.10. Freeze–thaw stability
Freeze–thaw stability was determined by the method of
Hoover and Ratnayake (2002).
2.2.11. Scanning electron microscopy
The starch granules were placed on an adhesive tape attached
to a circular aluminum specimen stub. After coating vertically
with gold–palladium, the samples were photographed at an
accelerator potential of 5 kV using a scanning electron micro-
scope (Hitachi S-300H-Tokyo, Japan).
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The pasting properties of the starches were measured using a
Rapid Visco Analyzer (Tech Master, Pertain Instruments War-
riewood, Australia) using the method described by Wani et al.
(2012).
2.2.13. Statistical analysis
The data reported were the average of triplicate observations.
Data obtained were analyzed by single factor analysis of vari-
ance (ANOVA) using SPSS (SPSS Inc, Chicago, IL, USA).
Comparisons of means were made using Duncan’s test.
3. Results and discussion
3.1. Chemical composition
The chemical composition of rice (Jhelum and Kohsar) and
corn (PS-43 and Shalimar-maize) starches is shown in Table 1.
The average moisture content of starches ranged from 6.06%
to 10.62%, protein content from 0.35% to 0.52%, and fat con-
tent from 0.25% to 0.67%. The moisture content of these
starches was in the range generally accepted for dry products
in order to obtain a desirable shelf life. There were signiﬁcant
differences (p 6 0.05) in moisture and protein contents among
the rice and corn cultivars and between rice and corn starches.
In case of fat intergenus difference was found to be signiﬁcant.
The difference might be attributed to their genetic makeup.
Chemical composition was comparable to rice starches
(Lawal et al., 2011; Zhu et al., 2011). Swinkels (1985) reported
similar results for corn starch.Table 1 Composition of rice and corn starches (n= 3).
Parameter Rice cultivars
Jhelum Kohsar
Moisture (%) 10.62 ± 0.25c 8.77 ± 0.3
Protein (%) 0.52 ± 0.08b 0.40 ± 0.0
Fat (%) 0.25 ± 0.00a 0.33 ± 0.0
Ash (%) 0.16 ± 0.01a 0.33 ± 0.0
Amylose (%) 6.33 ± 0.04b 4.90 ± 0.0
Values expressed are mean ± standard deviation.
Means in the rows with different superscript are signiﬁcantly different at




L 81.79 ± 0.64b 8
a 0.17 ± 0.01c 
b 2.60 ± 0.17a
Swelling index (g/g) 9.23 ± 0.15b
Solubility index (%) 4.00 ± 0.00b
Water absorption capacity (g/g) 1.07 ± 0.04b
Oil absorption capacity(g/g) 1.09 ± 0.03b
Bulk density (g/mL) 0.48 ± 0.02a
Values expressed are mean ± standard deviation.
Means in the rows with different superscript are signiﬁcantly different at3.2. Amylose content
The apparent amylose content was found to be 6.33% and
4.90% for Jhelum and Kohsar rice cultivars and 7.52% and
8.09% for PS-43 and Shalimar-maize corn cultivar, respec-
tively (Table 1). Amylose content of all the starches varied sig-
niﬁcantly (p 6 0.05). Similar values of the amylose content
have been reported earlier for rice cultivars (Juliano, 1992;
Sodhi and Singh, 2003). However, the amylose content was
lower than that reported by Gujral et al. (2013) for barley
starches. The amylose content of the starch has been reported
to vary with the botanical source of the starch and is affected
by the climatic and soil conditions during grain development
(Yano et al., 1985). The activity of the enzymes involved in
starch biosynthesis may also be responsible for the variation
in amylose content among the various starches (Krossmann
and Lloyd, 2000).3.3. Color analysis
L, a, and b values recorded for starches of Jhelum and Kohsar
rice were (81.79, 0.17, 2.60) and (81.19, 0.95, 4.00) while that
of PS-43 and Shalimar-maize were (80.72, 0.45, 8.60) and
(84.30, 0.25, 3.47), respectively (Table 2). There were signiﬁ-
cant difference (p 6 0.05) among the cultivars of rice and corn
and between the rice and corn. The color values imply that
corn starch is yellowish in color than rice starch. This differ-
ence may be attributed to their genetic makeup. Pigments pres-
ent in the maize kernel like carotene and other polyphenolic
compounds have also a considerable impact on starch quality.Corn cultivars
PS-43 Shalimar maize
9b 6.06 ± 0.29a 8.45 ± 0.32b
5ab 0.40 ± 0.10ab 0.35 ± 0.05a
3a 0.67 ± 0.19b 0.69 ± 0.15b
2b 0.20 ± 0.01a 0.38 ± 0.03c




ohsar PS-43 Shalimar maize
1.19 ± 0.40ab 80.72 ± 0.05a 84.30 ± 0.25c
0.95 ± 0.01a 0.45 ± 0.01d 0.25 ± 0.01b
4.00 ± 0.21c 8.60 ± 0.10d 3.47 ± 0.18b
8.67 ± 0.25a 8.50 ± 0.17a 8.33 ± 0.21a
2.00 ± 0.00a 8.00 ± 0.00d 6.00 ± 0.00c
1.15 ± 0.04c 1.10 ± 0.02bc 1.01 ± 0.01a
1.1 ± 0.03b 0.80 ± 0.08a 0.85 ± 0.07a
0.48 ± 0.00a 0.52 ± 0.00b 0.58 ± 0.01c
p 6 0.05.
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ﬁnal product reduces the quality hence acceptability of starch
product (Galvez and Resurreccion, 1992). A low value for
chroma and a high value for lightness are desired for starch
to meet the consumer preference.
3.4. Bulk density
The results of bulk density of starches are shown in the Table 2.
Jhelum and Kohsar rice cultivars showed the same bulk den-
sity of 0.48 g/mL whereas PS-43 and Shalimar- maize corn cul-
tivars showed the bulk density of 0.52 g/mL and 0.58 g/m g/
mL, respectively. The bulk densities of both the cereal starches
were less than the potato starch (0.98 g/mL) (Singh et al.,
2009). There was signiﬁcant difference in bulk density
(p 6 0.05) among the corn cultivars.
3.5. Water and oil absorption capacity
Water absorption capacity represents the ability of a substance
to associate with water under a limited water condition. Water
absorption capacity (WAC) of Jhelum, Kohsar, PS-43 and
Shalimar-maize was 1.07, 1.15, 1.10 and 1.01 g/g respectively
(Table 2). Similar values of the water absorption capacity for
corn cultivars have been reported in previous studies
(Sandhu and Singh, 2007; Singh et al., 2009). The differences
in WAC of starches from different types could probably be
attributed to the variation in their granule structure. The
engagement of hydroxyl groups to form hydrogen and cova-
lent bonds between starch chains lowers WAC (Hoover and
Sosulski, 1986). The loose association of amylose and amylo-
pectin molecules in the native starch granules has been
observed to be responsible for high WBC (Soni et al., 1987).
The oil absorption capacity observed in rice cultivars was sig-
niﬁcantly (p 6 0.05) higher than corn cultivars. OAC is the
ability of the dry starch to physically bind fat by capillary
attraction and it is of great importance, as fat acts as ﬂavor
retainer and also increases the mouth feel of foods.
3.6. Swelling and solubility index
Swelling and solubility index provides the evidence of interac-
tions between the water molecules and the starch chains in the
crystalline and amorphous regions. Swelling index of rice cul-
tivars varied from 8.67 to 9.23 g/g and for corn cultivars it was
in the range of 8.33 to 8.50 g/g (Table 2). The solubility index
of Jhelum, Kohsar, PS-43 and Shalimar-maize was 4.0%,
2.0%, 8.0% and 6.0% respectively. Qin-lu et al. (2011)
reported similar value for swelling power (g/g) of the Indica
rice starch. The results observed for corn starch solubility were
in agreement with those reported by Garg and Jana (2011) and
Sandhu et al. (2008) in case of different corn varieties. Signif-
icant difference (p 6 0.05) was observed in swelling index
among the rice cultivars and between rice and corn cultivars
while solubility index differed signiﬁcantly (p 6 0.05) among
rice and corn cultivars. These differences in swelling power
and solubility may also be attributed to the differences in amy-
lose content, viscosity patterns and weak internal organization
resulting from negatively charged phosphate groups within the
rice starch granules (Jane et al., 1999). Swelling behavior of
cereal starches has primarily been reported a property of theiramylopectin content, amylose acts as an inhibitor of swelling,
especially in the presence of lipids (Tester and Morrison, 1990).
3.7. Starch gel clarity
The transmittance values of gelatinized starch suspension pre-
pared from starches separated from rice and corn cultivars are
shown in Table 3. The decrease in light transmittance was most
pronounced during the second day for Jhelum rice starch and
corn starches and then it remained constant. However, Kohsar
rice starch lost its clarity sharply up to the third day of storage
and then remained constant. This might be attributed to a sig-
niﬁcantly lower content of amylose than Jhelum rice and corn
cultivars. Decrease in light transmittance of rice starches with
storage was reported in earlier studies (Ashwar et al., 2014;
Simi and Abraham, 2008). Sandhu and Singh (2007) also
reported an increase in turbidity of corn starch gels with
storage.
The decrease in transmittance of starch paste with an
increase in storage time was a result of retrogradation of
starch. Phosphorus is present as phosphate monoesters and
phospholipids in various starches. The phosphate monoesters
covalently bound to the amylopectin fraction of the starch
increase starch paste clarity and viscosity while the presence
of phospholipids results in opaque and lower–viscosity pastes
(Craig et al., 1989). The increase in turbidity value due to stor-
age may be attributed to leached amylose and amylopectin
chains that lead to the development of functional zones which
scatter a signiﬁcant amount of light (Perera and Hoover,
1999).
3.8. Syneresis
Syneresis, an index for the degree of starch retrogradation at
low temperatures is an undesired property in both food and
non food applications. Kohsar starch paste showed the highest
value (80.1%) of syneresis while PS-43 starch paste showed the
lowest value (68.4%) on the zero day of storage (Table 3). Fur-
ther storage increases the syneresis for different starches. Koh-
sar starch paste showed a slower increase (80.1–81.5%) of
syneresis than Jhelum starch paste whereas the PS-43 starch
paste showed a sharper increase (68.4–76.8%) than Shali-
mar-maize starch paste. Statistical analysis revealed a signiﬁ-
cant difference (p 6 0.05) in syneresis among the rice
cultivars and corn cultivars and between the rice and corn cul-
tivars. The syneresis of starches increased progressively with
the increase in storage duration. The increase in % syneresis
during storage has been attributed to the interaction between
leached amylose and amylopectin chains which leads to devel-
opment of functional zones (Perera and Hoover, 1999). Starch
retrogradation occurs when starch molecules begin to reassoci-
ate in an ordered structure (Atwell et al., 1988). Amylose
aggregation and crystallization have been reported to be com-
plete within the ﬁrst few hours of storage while amylopectin
aggregation and crystallization occur during later stages
(Miles et al., 1985).
3.9. Freeze–thaw stability
Freeze–thaw stability of gelatinized starch pastes showed sig-













































Figure 1 Freeze–thaw stability (%) of starch gels from (a) rice
cultivars and (b) maize cultivars.
Table 3 Light transmittance (%) and syneresis (%) of rice and corn starches (n= 3).
Rice Corn
Jhelum Kohsar PS-43 Shalimar maize
Light transmittance (%)
0 h 0.3 ± 0.0a 0.3 ± 0.0a 0.3 ± 0.0a 0.3 ± 0.0a
24 h 0.3 ± 0.0a 0.3 ± 0.0a 0.3 ± 0.0a 0.3 ± 0.0a
48 h 0.2 ± 0.0a 0.3 ± 0.0b 0.2 ± 0.0a 0.2 ± 0.0a
72 h 0.2 ± 0.0a 0.2 ± 0.0a 0.2 ± 0.0a 0.2 ± 0.0a
96 h 0.2 ± 0.0a 0.2 ± 0.0a 0.2 ± 0.0a 0.2 ± 0.0a
120 h 0.2 ± 0.0a 0.2 ± 0.0a 0.2 ± 0.0a 0.2 ± 0.0a
Syneresis (% water release)
0 h 77.1 ± 0.01c 80.1 ± 0.49d 68.4 ± 0.78a 72.3 ± 0.49b
24 h 78.5 ± 0.42c 80.8 ± 0.49d 71.9 ± 0.14a 74.1 ± 0.35b
48 h 79.2 ± 0.35c 81.0 ± 0.21d 72.1 ± 0.57a 74.3 ± 0.57b
72 h 82.1 ± 0.64d 81.2 ± 0.21c 73.9 ± 0.42a 76.2 ± 0.42b
96 h 82.6 ± 0.5d 81.3 ± 0.35c 75.2 ± 0.64a 76.7 ± 0.21b
120 h 83.5 ± 0.71d 81.5 ± 0.21c 76.8 ± 0.14a 78.9 ± 0.92b
Values expressed are mean ± standard deviation.
Means in the rows with different superscript are signiﬁcantly different at p 6 0.05.
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(17.72% water release) was lower than Kohsar starch
(1.65%) and PS-43 starch (11.75%) also showed lower
freeze–thaw stability than Shalimar-maize (0.2%).
Srichuwong et al. (2012); also reported the increasing trend
of freeze–thaw stability of rice and corn starches. During freez-
ing process, when starch gels are frozen, ice crystals form and
phase separation occurs. Upon thawing water separation
occurs from starch gels as the water can be easily expressed
from the dense network (Karim et al., 2000). Repeated freezing
and thawing cycles cause the phase separation and ice growth.
As the ice crystals become larger, the syneresis and sponge for-
mation occurs more readily. Syneresis in freeze–thawed gel is
due to the increase of molecular association between starch
chains in particular retrogradation of amylose (Morris,
1990), expelling water from gel structure (Saartratra et al.,
2005) and is a useful indicator for the tendency of starch to
retrograde (Karim et al., 2000). The rate of starch retrograda-
tion contributes considerably to freeze–thaw stability. Starch
retrogradation is inﬂuenced by botanical source, molecular
composition and structure, temperature ﬂuctuation, and
concentration of starch gel (Baker and Rayas-Duarte, 1998).
3.10. Granule morphology
Scanning electron micrographs of the rice starch (Jhelum and
Kohsar) granules showed polyhedral shape with well deﬁned
edges and the surface was relatively smooth (Fig. 2). Mean
granule length, length range, mean granule width and width
range of the Jhelum and Kohsar rice starch were (5.9 and
5.5 lm), (4.4–8.8 and 3.3–8.25 lm), (5.7 and 5.2 lm) and
(4.4–8.25 and 3.85–8.8 lm) respectively (Table 4). The electron
micrographs of corn starches (PS-43 and Shalimar maize) are
presented in ﬁgure. The granule size varied from small to large
and oval to polyhedral in shape. Mean granule length, length
range, mean granule width and width range of the PS-43 and
Shalimar-maize corn starches were (11.8 and 12.0 lm), (6.6–
19.25 and 5.5–19.25 lm), (11.4 and 11.7 lm) and (6.05–18.15
and 6.05–16.5 lm) respectively. These observations are inagreement with previous studies in case of rice starch
(Gonzalez and Perez, 2002; Simi and Abraham, 2008) and corn
starch (Jobling, 2004). The variation in starch granule mor-
phology may be due to the biological origin and physiology
of the plant and the biochemistry of the amyloplast. This
Figure 2 Scanning electron micrographs of (A) Jhelum rice starch, (B) Kohsar rice starch, (C) PS-43 corn starch and (D) Shalimar-maize
starch.














Jhelum 3021.0 ± 33.00c 2023.0 ± 16.00c 998.0 ± 17.00a 4026.0 ± 61.00d 2003.0 ± 45.0d 92.05 ± 0.05c
Kohsar 2479.0 ± 119.00a 1517.0 ± 27.00b 962.0 ± 92.00a 3172.0 ± 52.00c 1655.0 ± 25.0c 91.73 ± 1.18c
Corn
PS 43 2997.5 ± 79.50bc 1286.00 ± 99.00a 1711.5 ± 19.50c 2434.5 ± 125.50a 1148.5 ± 26.50a 71.0 ± 0.05a
Shalimar maize 2849.0 ± 78.00b 1528.0 ± 72.00b 1321.0 ± 6.00b 2820.5 ± 97.50b 1292.5 ± 25.50b 74.3 ± 0.05b
Values expressed are mean ± standard deviation.
Means in the rows with different superscript are signiﬁcantly different at p 6 0.05.
Table 4 Morphological parameters of starches from rice and corn cultivars (n= 25).
Parameter Rice Corn
Jhelum Kohsar PS-43 Shalimar maize
Mean granule length (lm) 5.9 5.5 11.8 12.0
Length range (lm) 4.4–8.8 3.3–8.25 6.6–19.25 5.5–19.25
Mean granule width (lm) 5.7 5.2 11.4 11.7
Width range (lm) 4.4–8.25 3.85–8.8 6.05–18.15 6.05–16.5
80 A. Ali et al.may be also due to the variations in the amylose and amylo-
pectin content and its structure, which in turn play an impor-
tant role in the control of the starch granule size and shape
(Kaur et al., 2007).3.11. Pasting properties
The pasting properties of the rice and corn starches are shown
in Table 5. The Jhelum and Kohsar rice starch showed peak
Physico-chemical properties of rice and corn starches 81viscosity of 3021 cP and 2479 cP, respectively, whereas PS-43
and Shalimar-maize corn starch showed the peak viscosity as
2997.5 cP and 2849 cP, respectively. Similar values of peak vis-
cosity have been reported for rice starch (Ashwar et al., 2014;
Wani et al., 2013a,b). Trough viscosity for rice starch (Jhelum
and Kohsar) showed the value of 2023 cP and 1517 cP respec-
tively, whereas the corn starch (PS-43 and Shalimar-maize)
showed the value of 1286 cP and 1528 cP respectively. Final
viscosity of the rice starch (Jhelum and Kohsar) showed the
value of 4026 cP and 3172 cP, respectively whereas the corn
starch (PS-43 and Shalimar-maize) showed the value of
2434.5 cP and 2820.5 cP, respectively. Miles et al. (1985)
reported that increase in ﬁnal viscosity might be due to the
aggregation of the amylose molecules. The high pasting tem-
perature of rice starches (90 C) than corn starches (70 C)
indicates their more resistance toward swelling. Statistical
analysis revealed a signiﬁcant difference (p 6 0.05) in pasting
properties among the rice cultivars and corn cultivars and
between the rice and corn cultivars.4. Conclusion
Starches separated from rice and corn cultivars showed signif-
icant (p 6 0.05) differences in physico-chemical and morpho-
logical properties. The corn starches have greater average
granule size and amylose content than rice starches. The high
syneresis, setback viscosity and low freeze–thaw stability of
rice starches imply that they cannot be proﬁtably used in
refrigerated and frozen foods as maize starches. Maize starches
can be used as gelling agents at lower temperature than rice
starches due to their lower pasting temperature.Conﬂict of interest
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